the amount of feed of foreign origin shown as total digestible nutrients would exceed the domestic production in 1970. In other words, more than half of the supply of feed will come from overseas in 1970 and thereafter. This is really a serious problem for our agriculture as well as for our foreign trade. With this background on the demand and and supply of feed specific in this country, a 3-year research project was initiated in 1967 to search for new energy sources for domestic animals and poultry under the cooperation of researchers in synthetic chemistry and animal nutrition.
Development of the mini-test reported in the previous paper" was very encouraging in the planning of the project. The chemicals able to replace the natural energy sources such as cereals may be too expensive at present, but the future progress in research on synthetic process and in massproduction will be effective to make the use 1) "Statistical Year Book on Concentrates," ed. by Livestock Bureau, Ministry of Agriculture and Forestry, Japan; "Pocket Statistics on Agriculture and Fishery," ed. by Agriculture and Forestry Economy Bureau, Ministry of Agriculture and Forestry, Japan.
2) M. Yoshida and H. Morimoto, Agr. Biol. Chem., 34, 684 (1970). of the chemicals for feed feasible.
Among the 13 synthetic glycols tested in searching for energy sources for poultry feed which are to be supplied without cultivating the land or fishing in the water, 1, 2-propane diol and 1, 3-butanediol were found to be utilzed by growing chicks as dietary energy sources."
Rats also were reported to be able to utilize these two glycols.""
In this paper, the data on the availability of 54 aliphatic acids by growing chicks are presented as the first report of the cooperative 3-year research project, and the possibility of using these chemicals as energy sources in poultry feed is discussed.
EXPERIMENTAL
Test material. Among the materials reported in this paper, 6 dicarboxylic acids, adipic, pimelic, suberic, azelaic, sebasic and undecadionic acid, were synthesized in Oda's Laboratory, Kyoto University. Preparation of mixed acids was a byproduct of industrial production of adipic acid and contained 25% of succinic, 65% of glutaric and 10 % of adipic acid. All of the other samples were obtained as reagent, whose grades were shown in Note in Tables  I, II and III. Gross energy of the test materials was determined by an automatic bomb calorimeter, CA-I manufactured by Shimadzu Seisakusho. Gelatin capsule was used in the determination of volatile materials.
Bioassay. Procedure of the mini-test described in the previous paper2) was applied to the assays presented in this paper. In all of the assays, a linear dose-response curve was obtained for the growth responses of chicks in 6-day feeding of 3 standard diets of different energy levels, i. e. SO-0, SO-4 and SO-8 diet, of which composition was shown in the previous paper.
2) The energy level of the test diet including 5 % of a sample in place of cellulose in the standard SO-0 diet was estimated, based on the growth response of the chicks on the diet,from this dose-response curve. In these dose-response curves x-axis was adjusted as mentioned in the previous paper2) so that the biologi cally available energy of the sample could be estimated directly.
S ince formic and acetic acid are volatile and are expected to be lost from the diet as in the case of volatile alcohols reported previously,3) they were infused directly into the crop of chicks as 10% aqueous solution. In this test, the same amount of SO-0 diet was fed to all of the chicks, and the standard dose-response curve was obtained from the growth response of chicks given 0, 0.5 and 1 ml of soybean oil per head daily.2) Amount of soybean oil corresponding to the growth response of chicks on formic or acetic acid could be calculated from the standard curve, which was easily converted to availa ble energy shown by kcal per g of sample.
Two lots of 2 chicks each or of 4 chicks each were fed either standard or test diets in the standard procedure of mini-test in this Laboratory. However, the number of chicks in each lot was reduced depend ing on the amount of the sample available. Bioassay was repeated with the same sample if necessary. Total number of the chicks used for each test material was given in Tables I, II and III with experimental data.
In most of the tests, growth rate, feed intake and mortality of the chicks were recorded and, if necessary, a sample of excreta was collected to determine the digestibility of the sample as mentioned later. To compare the difference in palatability of the samples tested at different times, average feed intake of the test diet was shown by a ratio of the intake to that of the standard SO-4 diet as palatability index, in which the intake of SO-4 diet was taken as 100.
Appropriateness of the test material to be used as poultry feed was judged mainly on the availability of energy, i. r. ratio of available energy to gross energy; mortality; palatability; and digestibility.
Determination of digestibility.
When the determina tion of digestibility was necessary, chromic oxide at 0.05 % level was mixed in all of the standard and test diets before feeding to the chicks and the excreta of the chicks were collected for the last 2 days of mini-test.
Contents of crude fat and chromic oxide in the diets and excreta were determined by ether extraction with Soxhlet apparatus and with phosphate 3) M. Yoshida, H. Hoshii and H . Morimoto, Japan Poultry Sci., 6, 73 (1969 therefore, the accuracy of the conclusion." The mini-test is certainly a useful tool for evaluating a sample for screening purpose, in other words, for judging whether or not the sample is hopeful as dietary energy source for poultry.
Therefore, it is most necessary to confirm the conclusion of the mini-test by long term feeding experiments with a large number of chicks.
The data of the mini-tests on saturated fatty acids were summarized in Table I .
It was unexpected that chicks could not utilize energy in most of the volatile fatty acids with carbon chain shorter than 5, which are known to be produced in rumen and readily utilized as energy source by ruminants.
Since acetic acid, as well as formic acid, was infused in crop directly as 10 °o aqueous solution," physical and chemical properties, such as pH, may have physiologically detri mental influence and may lower the growth rate as well as palatability of the diet.
On the other hand, propionic and butyric acid were mixed into feed and fed to chicks. Low palatability of these acids may suggest that physical and chemical natures, such as strong offensive smell or acidity of the samples make the chicks lose appetite, resulting in slow growth rate. However, growth retardation of the chicks shown by negative value of available energy seemed to be too severe to be explained by small appetite, since the effect of difference in feed intake on the available energy was mostly cancelled out by taking body weight gain per 100g feed instead of body weight gain itself in these mini-tests. Further studies are certainly necessary to confirm whether chicks can actually utilize volatile fatty acids or not, and to show the reason why they do not if it is confirmed that chicks have no ability to utilize volatile fatty acids. Availability of iso-butyric acid by chicks seemed to be higher than that of the other volatile fatty acids.
The observa tion should be confirmed in further studies.
Ozaki's old work" revealed that rats on the This irritating effect may not be specific to lauric acid, but the effect seems to be rather common to the free saturated fatty acids of carbon chain length from 3 to 12 as shown by the palata bility index in Table I. The data on unsaturated, hydroxy and keto acids were summarized in Table II .
Though no chick died on glycolic acid as shown in Table II of succinic acid or the related compounds disturbing the tricarboxylic acid cycle as in the case of maleic acid and glutaric acid, or that the acid becomes rancid in the diet as in the case of unsaturated fatty acid shown in Table II . It should be pointed out that the chemical structure of itaconic acid, i.e. ethylenesuccinic acid, is related to that of acrylic acid, which is ethyleneacetic acid, and of metacrylic acid, which is ethylenepropionic acid.
Acrylic acid was toxic and metacrylic acid depressed growth rate as shown in Table II .
Dibasic acids of carbon chain longer than 6 were all unavailable for chicks. Enzymic system to utilize energy of these dibasic acids seemed to be lacking in chicks' body. Rats also were unable to utilize these acids. Since these dibasic acids are crystal and, therefore, readily mixed in the poultry feed which is served as mash, great expectation was given to these acids. However, chicks dislike these dibasic acids as shown by low palatability index and can not utilize energy of these acids efficiently.
As for succinic acid, only one hopeful energy source among dibasic acids tested, its relatively low energy level, 2.99 kcal/g, may be a weak point for future use of this acid as dietary energy source economically in large scale.
Mixed acids shown in Table III were a byproduct of industrial production of adipic acid, of which low availability certainly corresponded to the low availability of glutaric acid, the major constituent of this mixed acids.
